Abstract-A new monoterpene, paeoniflorigenone (PFG) (100-900 ,ug/ml), which was isolated from paeony roots and identified chemically, suppressed both indirectly and directly stimulated muscle twitchings of frog sciatic nerve-sartorius muscle preparation, and it indirectly stimulated muscle twitchings of phrenic nerve diaphragm muscle preparations.
Abstract-A new monoterpene, paeoniflorigenone (PFG) (100-900 ,ug/ml), which was isolated from paeony roots and identified chemically, suppressed both indirectly and directly stimulated muscle twitchings of frog sciatic nerve-sartorius muscle preparation, and it indirectly stimulated muscle twitchings of phrenic nerve diaphragm muscle preparations.
The suppression effect by PFG (300 ,og/ml) on twitching was not reversed by neostigmine (60 ,og/ml) and was restored by washing out of PFG. PFG (150 ,ag/ml) depolarized the diaphragm muscle membranes by 10 mV and did not change the electrotonic potentials.
PFG (100 ,ug/ml) inhibited weakly acetylcholine (5 dig/ml)-induced slow contractions. These results demonstrated that PFG is a depolarizing neuromuscular blocking agent, being similar to succinylcholine, except that PFG did not produce any contraction, but succinylcholine did.
Paeony roots have been used as a drug blended with the same weight ratio of licorice roots in a Kampo-Hozai, Shakuyaku Kanzo-To, for lessening the pain of limb muscles by Chinese and Japanese as a traditional medicine.
As a main component of paeony roots, paeoniflorin (PF) is well known since the chemical structure was identified by Aimi et al. (1) and Kaneda et al. (2), and it was studied pharmacologically by Takagi and Harada (3). They have, however, reported no relaxing effect on skeletal muscles. The intention of this investigation was to find out some effective principles from paeony roots, anticipating their relaxing effects on skeletal muscles. Thereafter, we and coworkers found a new monoterpene, paeoniflorigenone (PFG), and identified its chemical structure (4). The aim of this report is to investigate both inhibitory effects of PFG and crude extracts of paeony root on neuromuscular junctions and on acetylcholine-induced con traction, because we previously observed that some compounds producing weak in hibitory action on bath-applied acetylcholine happened to have a strong blocking action on indirectly stimulated muscle twitching (5).
Materials and Methods
Rectus abdominis muscles isolated from frogs (Rana nigromaculata) weighing 17 34 g were set in 5 ml of Ringer's solution (111 mM NaCI, 1.88 mM KCI, 1.08 mM CaCl2 and 1.67 mM NaH2PO4) which was bubbled with air at room temperature (22 26°C). The inhibitory effects of the principle tested were expressed as a percent of the 27.5 ,uM acetylcholine (ACh)-induced con tractions recorded on an ink-writing drum by a classical isotonic lever (500 mg of loading and 13.5-fold magnification).
Sciatic nerve-sartorius muscle preparations isolated from frogs (24-28 g) were sus pended in 3 ml of modified Ringer's solution (111 mM NaCI, 2.7 mM KCI, 1.8 mM CaCl2 and 2.4 mM NaHCO3) which was bubbled with 95% 02+5% CO2 at room temperature (22-26°C).
For the twitch con traction of directly stimulated muscles, supra maximal square wave pulses of 2 msec duration were applied through one pair of electrodes placed directly on the muscle. The second pair of electrodes was applied to the nerve. The muscle was alternatively stimulated indirectly or directly by pulses of supramaximal intensity (duration: 2 msec and frequency: 0.2 Hz). The twitch contractions of muscles were measured with the classical isotonic lever and continuously recorded on an ink-writing drum.
The phrenic nerve-diaphragm muscle pre parations isolated from mice (male ddY strain, 29-46 g) were suspended in 5 ml of Krebs-Henseleit solution (118 mM NaCI, 5.4 mM KCI, 0.57 mM MgSO2, 2.5 mM CaCl2, 1.2 mM NaH2PO4, 11.1 mM glucose and 12-15.5 mM NaHCO3, pH 7.3±0.5) which was bubbled with 95% 02+5% CO2 at 36-37'C.
The phrenic nerve was placed over platinum electrodes and stimulated at rate of 0.2 Hz by square wave pulses (supra maximally, 240-360 mV) of 2.5 msec duration. The twitch responses of the muscles were recorded with an isometric transducer (Nihon-Kohden, SB-1T-H) on a Biophysio graph 110 system (San-ei). A resting force of 1 g was applied to each tissue.
Electrotonic potentials, induced by intra cellular repetitive application of hyper polarizing square wave pulses (0.3 Hz, 1 sec, and 10 nA), and resting membrane potentials were recorded using intracellular recording techniques.
Standard 3 M KCI-filled glass capillary electrodes of 20-40 MSS resistance were used to measure membrane potentials in muscle fibers of mouse hemidiaphragm pre parations.
Drugs used were d-tubocurarine chloride (d-TC), succinylcholine chloride 2 H20 (SuCh, Nakarai) and acetylcholine chloride (ACh, Dai-ichi). PFG was isolated from paeony roots according to the procedure reported in the previous paper (1) and was solubilized in hot water (60°C). Results The chemical structure of paeoniflorige none (PFG) is shown in Fig. 1 with that of PF. PFG, a new monoterpene, was isolated from paeony roots according to the extraction procedure shown in Table 1 . In rectus abdominis muscles of frogs, 0.1 mg/ml of the B, fraction inhibited ACh (5 ug/ml)-induced contraction more potently than B1, B2 and B3 fractions did as shown in the right side of Table 1 . The inhibition % in detail of each fraction was as follows: B1: 61.9±7.4, PFG: 22.2, B2: 23.8+8.0 and B3: 6.0+5.0 (n=2-3). The A, D, Bo, and B4 fractions at 0.1 mg/ml did not induce any inhibition. From the B1 fraction, PFG was obtained in 0.05% yield and had weak anti-ACh action at the concentration of 0.1 mg/ml. PF at the same concentration did not inhibit the ACh induced contraction (Table 1) . PFG blocked indirectly or directly stimulated muscle twitching in sciatic nerve-sartorius muscle preparations of frogs (Fig. 2a) . The blocking %'s of PFG 10 min later after bath application were 89±4% and 100% at 300 and 900 fig/ml (n=2-3), respectively. PFG (300 and 900 dig/ml)-induced blocking was preceded by transient potentiation of directly stimulated muscle twitchings. This potentiation was clearly observed immediately after bath ap plication of PFG (900 /Lg/ml) as shown in the lower figure of Fig. 2a . Table 1 . Extraction procedure, yield and inhibitory action of the extracts (0.1 mg/ml) from paeony roots
In mouse phrenic nerve-diaphragm muscle preparations, the blocking effects on indirectly stimulated muscle twitchings were also observed in dose-dependently at lower con centrations (100, 150 and 300 /cg/ml) than in frog sciatic nerve-sartorius muscle pre parations as shown in Fig. 2b . The blocking of PFG 15 min later after bath application were 13, 50 and 100% (n=2-3).
In the mouse phrenic nerve-diaphragm muscle pre parations directly stimulated muscle twitching was not blocked by PFG, being similar to succinylcholine. These effects were reversible because the twitching response could be recovered by washing PFG out. PFG produced the neuromuscular blocking action 10-15 min later after bath application.
The inhibitory effects by neostigmine on d-TC or SuCh-induced neuromuscular blocking actions were tested, as shown in Fig. 3 . Neostigmine (1 and 4 itg/ml) did not inhibit SuCh (20 /cg/ml)-induced blocking, but inhibited the d-TC (5 iig/ml)-induced one. Neostigmine (60 ,ug/ml) did not inhibit PFG (300 ,ug/ml)-induced neuromuscular blocking, suggesting that the PFG effect occurs through the same mechanism as the effect produced by SuCh, a depolarizing neuromuscular blocker. Actually, PFG (150 fig/ml ) depolarized the membrane of dia phragm muscles by 10 mV as shown in 
Discussion
The new principle, PFG, in paeony roots weakly inhibited the contractions produced by ACh, strongly blocked twitch responses evoked by indirect stimulation, and depolari zed the resting membrane potential. The blocking effects on the twitch responses were not antagonized by neostigmine. These pro perties of PFG are very similar to those of a depolarizing neuromuscular blocker. SuCh is well known to be a depolarizing neuro muscular blocker (6) which prevents repolari zation, i.e., maintain the end-plate in a depolarized state, refractory to the action of ACh (7). SuCh at 50 iW has been reported to induce contractions in rectus abdominis muscles of frogs (8). In contrast to SuCh, PFG did not produce any contractions, and had only anti-ACh actions in rectus abdominis muscles of the frog. PFG was different from SuCh only in this point. The reason why PFG initiated the neuromuscular blocking action at longer time (5-15 min) after bath ap Blank parts in the left of top and middle data mean twitch responses for 10 and 9 min, respec tively. These effects were observed consis tently in 2-3 experiments. Note that PFG also induced the neuromuscular blocking action in mouse preparations in a dose dependent fashion. plication is still uncertain.
As shown in Table 1 
